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Ronald H. Bolster, Jackson, Mich, assignor to Clark 
Equipment Company, a corporation of Michigan 

Filed Dec. 29, 1960, Ser. No. 79,365 
20 Claims. (C. 74-359) 

This invention relates to change speed power transmis 
sion mechanisms, and more particularly to such trans 
mission mechanisms having constantly meshing gears plus 
clutches for selectively clutching such gears to rotatable 
shafts to provide the desired gear ratio between the in 
put and output shafts of the transmission. 
The present transmission is power-shifted and is in 

tended primarily for use in the propulsion of heavy duty 
automotive vehicles, but it will be apparent that it is not 
limited to such use and may be adapted for the trans 
mission of power in other applications. 

Other constant mesh transmissions are known and have 
been used heretofore. However, all such prior constant 
mesh transmissions of which I am aware have had some 
or all of the deficiencies which are discussed hereinafter. 

It is inherent in constant mesh transmissions that when 
one gear train in such a transmission is in operation to 
provide a drive through the transmission that one or more 
other gear trains which are still in mesh and running idle 
may cause some gears, shafts and clutch parts to operate 
at speeds far in excess of their normal speeds, that is, the 
speeds at which they operate when they are in drive trans 
mitting operation. Such operation tends to produce noise 
which, of course, is undesirable. In addition, it produces 
undesirable wear on the moving parts. It also tends to 
reduce efficiency because of the friction of relatively mov 
ing parts and also because of the agitation of the oil or 
other lubricant in which the parts of the transmission 
ordinarily operate. The problem of parts spinning idly 
in the manner described is increased when such parts are 
of large mass, and it is desirable that all such parts which 
must spin idly under certain conditions have as small a 
mass as possible. 
A further problem encountered in power-shifted con 

stant mesh transmissions is that of accelerating or deceler 
ating parts of large mass when a shift is made by diseng 
aging one or more clutches and engaging one or more 
other clutches. It will be readily appreciated that the 
larger the mass of gears, shafts and clutch parts which 
must be accelerated or decelerated under such conditions, 
the greater is the wear and strain imposed upon the clutch 
or clutches which are being engaged to accomplish the 
ratio change because such clutches during engagement 
must, by their frictional force, accelerate or decelerate 
such parts to the same speed as the other parts to which 
they are being clutched. 

Another deficiency frequently encountered in power 
shifted constant mesh transmissions is that of having to 
engage two or more clutches simultaneously in order to 
accomplish a change in ratios. Such operation is un 
desirable because it increases the amount of pressurized 
fluid which must be supplied to fill and engage such 
clutches as compared to the amount which would be re 
quired if only one clutch were engaged at a time. More 
over, unless the engagement of the two clutches is ac 
curately timed so that they engage simultaneously, the 
pratical result in many situations is that one clutch, the 
last to engage, actually performs the accelerating or de 
celerating of parts for both clutches, thus subjecting it to 
abnormal strain and wear. 
The object of the present invention is to provide a 

power-shifted constant mesh transmission which mini 
mizes the disadvantageous features discussed hereinbe 
fore, that is, one which minimizes the “spinning speeds” of 
all idle parts, which produces that those parts which must 
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operate at higher than normal speed under certain condi 
tions are the parts of low mass, and which provides that 
only one clutch need be disengaged and one other clutch 
engaged in order to change ratios. 
A further object of the invention is to provide a trans 

mission which utilizes a minimum of different parts and 
which also provides for the use of as many parts as pos 
sible of one size transmission in other size transmissions 
of the same “family' of transmissions. 
A feature of this invention is that none of the clutch 

drums, which usually are the rotating parts of greatest 
mass, operates at greater than engine or input speed under 
any normal operating condition. All elements which spin 
at higher than input speed are shafts and gears which have 
lower mass. 
A further feature of this transmission is that during 

operation, for any ratio change which it is desired to make, 
the clutch drum in every case is already turning at the 
speed at which it should operate after the shift is made, 
therefore, a minimum of time and stress and strain is re 
quired to engage such clutch even though, as explained 
in detail hereinafter, there may be a momentary change 
in speed of the clutch drum during clutch engaging opera 
tion. 
Another feature of this transmission is that it provides 

optional locations for both the input shaft and the output 
shaft. 

Further objects, features and advantages of this inven 
tion will be apparent from the subsequent detailed de 
scription of preferred embodiments thereof taken in con 
junction with the accompanying drawing. 

In carrying out my invention in one preferred form, I 
provide a multiratio constant mesh transmission having a 
plurality of rotatable shafts arranged in parallel relation 
in a casing. Included among the shafts are an input 
shaft, an output shaft and a pair of intermediate shafts. 
Four multiple disc clutches are located respectively at the 
ends of the two intermediate shafts. Each of the clutches 
includes friction discs mounted on its respective shaft end 
for rotation therewith and a rotatable drum surrounding 
the shaft end and carrying discs interleaved with the shaft 
discs, and provision for compressing the respective disc 
assemblies to selectively engage the clutches. The output 
shaft has a pair of gears secured thereto. A third gear is 
secured to one of the intermediate shafts in constant mesh 
with one of the gears on the output shaft, and a fourth 
gear is secured to the other intermediate shaft in constant 
mesh with the other gear on the output shaft. Selective 
engagement of the clutches produces any desired one 
of four gear ratios between the input shaft and the output 
shaft. Additional means may be provided for changing 
the direction of rotation of the output shaft relative to the 
input shaft. 

For a clearer and more complete understanding of my 
invention, reference should be had to the following de 
Scription and the accompanying drawing in which: 
FIGURE 1 is a perspective view of the outside of a 

transmission embodying the present invention; 
FiGURE 2 is a perspective view from approximately the 

same point as FIG. 1 but with the housing and casing 
members removed to show the shafts, gears and clutches; 
FIGURE 3 is a front end elevational view of the trans 

mission of FIG. 1; 
FiGURE 4 is a side. elevational view in section along 

the line 4-4 of FIG. 3; 
FIGURE 5 is an enlarged view in section of one of the 

clutches of FIG. 4; 
FIGURE 6 is a rear elevational view of the transmission 

of FIGS. 1-5 with portions of the housing and casing 
broken away to show certain parts which are not visible 
in the preceding figures; 
FIGURE 7 is a two-part diagrammatic representation 
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of the transmission of FIGS. 1 through 6, having a de 
veloped schematic diagram on the left in which the gears, 
shafts and clutches are shown with the shaft centers in 
one plane and on the right a diagram which shows the 
actual positions, as viewed from the end, of the centers 
of the shafts; 
FIGURE 8 is a schematic and diagrammatic figure 

similar to FIG. 7 except showing another embodiment of 
the transmission in which the output shaft is at a different 
location; 
FIGURE 9 is a developed view showing constructional 

details of the lower portion of the transmission of FIG. 8; 
FIGURE 10 is a schematic and diagrammatic view 

similar to FIGS. 7 and 8 of a third embodiment of the in 
vention; and 
FIGURE 11 shows a feature which may be utilized in 

connection with the invention. 
Referring to the drawing, I have indicated generally 

by the numeral 10 a transmission embodying the present 
invention. The numeral 2 identifies the main casing 
or structural portion of the transmission which houses or 
provides support for the shafts, gears, clutches and other 
parts; and as seen in FIG. 4 the principal front and rear 
walls of the casing are identified by the characters 52a 
and 12b respectively. The numeral 24 on the drawing 
indicates a portion of a coupling device which is mounted 
at the forward end of input shaft 6. A bearing cap 8 
surrounds the input shaft outside the front wall 52a of 
the casing 12, the bearing cap being secured to the wall 
12a in a suitable manner such as by a plurality of ma 
chine screws 20. 

Also on the front wall of casing 12, as seen in FIG. 1, 
is a combined bearing cap and cover 22, secured to the 
casing 12 by means such as machine screws 24, which 
secures and covers the front end of a reverse shaft which 
is described in more detail hereinafter. On the front 
wall 12a of the casing 12 too and secured thereto by 
machine screws 26 or other suitable means is a clutch 
cover or housing 28 which houses two clutches and three 
gears which are described hereinafter. 

Also appearing on the front of casing 2 is a portion 39 
of a coupling device which may be utilized to couple 
an optional output shaft 32 (see FIG. 4) to a propeller 
shaft for operating the front wheels of a vehicle. It will 
be appreciated that member 30 is connected to a similar 
coupling device portion on the end of a propeller shaft 
leading to the vehicle front wheels or other instrumental 
ity to be driven by optional output shaft 32. The clutch 
structure by which shaft 32 may be driven at the opera 
tor's option is described in more detail hereinafter. 
On the rear surface of wall 2b of casing 2 is secured 

a clutch cover or housing 34 which houses four clutches 
and associated gears which are described in detail herein 
after. As shown in FIG. 1, the casing 2 is provided 
with a cover member 36 for opening 38 (see FIG. 4) in 
the top, while at the bottom of casing 2 a pan or sump 
member 40 is provided which covers the bottom opening 
42 (see FIG. 4) in the casing 12 and provides a reservoir 
for the liquid utilized in the transmission for lubrication 
and cooling and for actuating the clutches. Parts 36 and 
40 have been omitted from FIG. 4 to conserve space. 
The reservoir may be drained by removing plug 44 (see 
FIGS. 1 and 3). The transmission may be installed 
by the use of bolts or other securing devices through 
openings 46 in the bosses 48 on the casing 2. 

Referring now to FIG. 4 and also to FIG. 2 which 
depicts more clearly the gear arrangement, it will be ob 
served that the input shaft 16 is journaled by means of 
a ball bearing assembly 50 in the front wall 12a of casing 
12 and by means of another ball bearing assembly 52 
in the rear wall 12b of the casing 12. Shaft 16 carries 
a gear 54 splined or otherwise secured thereto which 
meshes with a gear 56 (see FIG. 2) which is secured 
to and rotates reverse shaft 58. A clutch 63 located out 
side the rear wall 12b of the casing may be selectively 
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4. 
actuated to connect a gear 62 for rotation with the input 
shaft 16, while a clutch 64 may be selectively actuated 
to connect a gear 66 for rotation with the reverse shaft 
58. The detailed construction of clutches 60 and 64 is 
shown in FIG. 5 which is described in detail hereinafter. 

Both gears 62 and 66 are constantly in mesh with a 
gear 68, located rearwardly of wall 12b, which is secured 
to and rotates an idler shaft 70. The shaft 70 also has 
another gear 72 secured at the front end thereof, in front 
of casing wall 12a, which rotates when gear 68 and shaft 
79 rotate. 
Two so-called intermediate shafts are provided and 

these are indicated by the numerals 74 and 76. Each 
of these shafts has clutches at both ends, the clutch at 
the front end of shaft 74 being designated by the numeral 
78 while the clutch at the rearward end of this shaft 
is designated 80. Shaft 76 has clutch 82 at the front end 
and at the other end another clutch indicated by numeral 
84 which is visible in FIG. 6. The gear 68 on the idler 
shaft 70 is in constant mesh with gear 86 which may be 
selectively connected by clutch 80 to shaft 74, and also 
with a gear 88 which may be selectively connected by 
clutch 84 (see FIG. 6) to shaft 76. Similarly at the front 
of the transmission, gear 72, on the idler shaft, is in con 
stant mesh with a gear 90 which may be selectively con 
nected by clutch 78 to shaft 74, while a gear 92, also in 
constant mesh with gear 72, may be selectively connected 
by clutch 82 to shaft 76. 
Mounted on the shaft 74 for rotation therewith is a 

gear 94. Gear 94 is in constant mesh with a gear 96 
which is secured to output shaft 98. Gear 100 is mounted 
on shaft 76 and is in constant mesh with gear 102 which 
likewise is mounted on output shaft 98. Output shaft 
98 is journaled in the front and rear walls 2a and 12b 
of the casing member 12 by means of anti-friction bear 
ings which are illustrated as tapered roller bearing as 
semblies 104 and 106. A portion 08 of a coupling device 
is mounted on the rearward end of shaft 98, providing for 
coupling the output shaft to a propeller shaft for operat 
ing the rear wheels of a vehicle or other device to be op 
erated by the transmission. As may be seen in FIG. 4, 
the portion 105 of the reduced diameter rearward end of 
shaft 32 is journaled in a mating recess in the forward 
end of shaft 98, and a tooth clutch mechanism 10 is 
provided for selectively connecting shaft 32 to shaft 98 
when it is desired to provide drive forwardly as well as 
rearwardly from the transmission. Clutch 10 includes 
teeth 10a on a collar which is splined at 13 or 
otherwise secured to shaft 98 in axially movable relation. 
Arranged to mate with teeth 10a are teeth lieb on a 
collar member 115 which is secured to shaft 32. The 
collar 111 is slidable axially to the left by suitable me 
chanical or power operating mechanism not shown, the 
collar 111 being returned to the right by a return spring 
117 when it is desired to disconnect shaft 32. When this 
transmission is installed in a vehicle the shaft 32 is con 
nected when it is desired to provide the vehicle with four 
wheel drive, but when only two-wheel drive is desired, 
shaft 32 is disconnected and the sole drive is provided 
by shaft 98 through the coupling portion 108 at the rear 
ward end thereof. 

FIG. 5 illustrates in detail clutch 60. It is pointed 
out, however, that clutches 64, 80 and 84 are identical 
with this clutch, while clutches 78 and 82 are the same 
except as to size. Thus, an explanation of clutch 60 will 
suffice for all of the clutches. 

In FIG. 5 I have indicated by the numeral 12 a fixed 
annular sleeve or quill member which is connected by 
means of a flange portion 114 thereon to the rear sur 
face of rear wall 12b of the casing in a suitable manner 
such as by a plurality of machine screws 16. As shown, 
gear 62 is formed integrally on an axial projection 121 
from a clutch drum which is indicated by the numeral 
120. The combined gear and clutch drum structure 62 
is journaled on the tubular portion of member 12 by 
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means of an anti-friction bearing shown as a roller bear 
ing 118 and another anti-friction bearing shown as ball 
bearing 119. The drum 120 carries a plurality of annular 
friction discs 122 which are splined to the clutch drum 
for rotation therewith. Interleaved between the friction 
discs 22 are alternate annular discs 124 which are splined 
to a hub member 126 which in turn is splined to shaft 16 
for rotation therewith. 
The clutch structure includes a backing plate or ring 

128 which is secured at the outer end of drum 120 in a 
suitable manner such as by a snap ring 130. The clutch 
is applied by compressing the stack of discs 22, 124, 
and this is accomplished by an annular piston member 
E32. The piston 132 is mounted for axial movement in 
a chamber 134 which is formed inside drum 120. 
The piston is moved by fluid under pressure which is 

admitted through a slanted passageway 135 in member 
112 to a longitudinal passageway 136 from which it 
passes through suitable sealing means to passageway 138 
in the drum member and thence into chamber 134 and 
behind or to the left of piston 132 at location 140 which 
initiates movement of the piston to the right. Initial 
movement on the piston 132 is rapid upon the admission 
of fluid under pressure because only a Small portion of 
the cross-sectional area of piston 132 is effective initially. 
This is the area which is indicated in the sectional view 
of FIG. 5 by the numeral 142 and bracket associated 
therewith. After piston 132 has moved distance d to the 
right and the shoulder portion on the piston indicated by 
the numeral 44 passes the shoulder 46 on the drum 
member, then the full end area of the piston 132 is ex 
posed to pressurized fluid. This, of course, provides much 
greater pressure on the piston. The effect of the structure 
and operation just described is that the piston moves 
rapidly in the initial stages but with a relatively small 
force. When it nears the end of its stroke to the right 
to provide clutch engagement, increased force on the 
piston insures complete clutch engagement and lack of 
slippage during operation. When it is desired to disen 
gage the clutch the source of pressurized fluid is discon 
nected and fluid is released from chamber 34 by means 
of a step-type ball check valve 148. Piston 132 is then 
retracted by a plurality of springs 157 extending between 
the piston and backing ring 28, one of which is visible 
near the bottom of FIG. 5. As indicated by the drawing, 
the spline projections on the multiple discs 22 are omitted 
or cut off at intervals around the periphery of these 
discs, and retracting springs are inserted, as shown, in 
the corresponding spline grooves in the drum 20. For 
more information on valve 48 reference should be had 
to my Patent 2,954,040 wherein this valve is disclosed in 
detail and claimed. 

For cooling the clutch during the time when it is not 
engaged and there is relative motion between the alternate 
riction discs, a passageway 150 is provided through which 
cooling fluid is supplied under pressure to the annular 
space 52 between shaft 16 and sleeve member 2 from 
whence the fuid flows along the path indicated by the line 
154 through openings 56 in the hub member 26, thence 
over the surfaces of the discs 122 and 24 and out through 
the openings 158 in the hub member 26; after which 
such fluid drains back to the Sump by gravity. 
A further feature of this transmission is the so-called 

power take-off which is illustrated in FIG. 4 of the draw 
ing. This power take-off mechanism comprises a shaft 
169 which is arranged to be selectively connected to shaft 
70 in order to drive simultaneously an auxiliary device 
on a vehicle or other device which it is desired to drive 
in addition to the mechanism driven by the main output 
shaft 98. Shaft 160 is connected to shaft 70 merely by 
shifting collar 162 to the left by means of a shifter fork 
E64 which is operated by a rod 166. It will be observed 
that collar 162 is splined to shaft 60 at 68. The shaft 
70 is provided with suitable splines at 79 and when 
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collar 162 is moved to the left a driving connection is 
thereby provided between shaft 70 and shaft i60. 
While most of the piping has been omitted from the 

drawing in order to simplify it, it will be appreciated 
by those skilled in the art that a pump or other source 
of pressurized fluid is provided which Supplies fluid for 
the operation and cooling of all of the clutches, and also 
for the pressure lubrication of all bearings as described 
hereinafter. Such pressurized fluid is regulated as to pres 
sure and controlled by suitable control valves (not shown) 
in a manner such that it is admitted selectively to the 
clutches which are to be actuated. In FIG. 4 there ap 
pears a fragmentary portion of a conduit or pipe 172 
which supplies pressurized fluid to the chamber 174 shown 
in this figure and in FIG. 5 from whence fluid flows 
through passageway 135 and thence into clutch actuating 
chamber in the manner previously described. Conduit or 
pipe i76, a fragment of which is shown in FIG. 4 also, 
supplies cooling fluid to clutch 60 through wall 52b of 
the casing into chamber 78 and thence through passage 
way 150 and space 52 in the manner previously described 
to cool the clutch discs. It will be appreciated that all 
six of the clutches are actuated and cooled in the same 
manner described for clutch 60. 

Each of the anti-friction bearings associated with one 
of the clutches is continuously lubricated by fluid under 
pressure and this is illustrated in FIG. 5 of the drawing. 
A passageway 5 directs pressurized fluid from passage 
way 150 through bearing 52 continuously. Each of the 
other friction bearings in the transmission also is con 
tinuously pressure lubricated in a similar manner and this 
is illustrated by conduit 107 a fragment of which is illus 
trated in FIG. 4. Conduit 107 admits pressurized fluid 
continuously through an opening 109 and provides for 
the continuous flow of lubricant through anti-friction. 
bearing 106. 
The transmission described and illustrated herein pro 

vides for the rotation of output shaft 98 in either direc 
tion at any of four different gear ratios. This transmis 
Sion is intended primarily for use in a vehicle, therefore, 
the two directions will be referred to in the following 
description of the operation of the transmission as for 
IWard and reverse. To operate the output shaft 98 in 
a forward direction, clutch 60 is engaged, this clutch being 
referred to in the following explanation as the forward 
clutch. The first forward ratio is provided by engaging 
clutch 78 in addition to clutch 60. The drive can then 
be traced from input shaft 16 through clutch 60 and 
gears 62 and 68 to idler shaft 70 and thence through 
gears 72 and 90 and through clutch 78 to shaft 74 from 
which gears 94 and 96 drive output shaft 98. This pro 
vides the greatest gear reduction of the four ratios. If 
less gear reduction is desired, clutch 78 is disengaged and 
clutch 82 is engaged. In this ratio the drive is the same 
down to the idler shaft from which it may be traced 
through gears 72 and 92, through clutch 82 to shaft 76, 
thence through gears 100 and 102 to shaft 98. 

If the next lower ratio gear reduction is desired, clutch 
82 is disengaged and clutch 86 is engaged. The drive 
then may be traced from the idler shaft 7 through gears 
68 and 86 and clutch 80, thence from shaft 74 through 
gears 94 and 96 to shaft 98. The highest speed or smallest 
gear reduction is provided by disengaging clutch 86 and 
engaging clutch 84 whereupon the drive is from the idler 
shaft through gears 68 and 88 and through clutch 84, 
thence through shaft 76 and gears 100 and 102 to shaft 98. 

it will be understood from the foregoing explanation 
that in order to change ratios it is necessary only to dis 
engage one clutch and engage another clutch. It is not 
necessary for any ratio change simultaneously to disen 
gage two clutches and engage two other clutches. More 
over, the drum of the clutch which is to be engaged or 
applied is already operating at the desired speed. Con 
sider, for example, the first ratio change mentioned here 
inbefore in which clutch 78 is disengaged and clutch 82 



3,126,752 
7 

is engaged. Gear 92 on the drum of clutch 82 is in con 
stant mesh with gear 72 the same as gear 99 on clutch 
drum 78. The drum of clutch 82 therefore rotates con 
tinuously during the time that clutch 78 is applied. As 
suming that the engine speed remains constant during 
a shift, then clutch drum 82 will be operating at the same 
speed after the shift as before, although it will be un 
derstood that if such a shift is made under load, that 
is, without temporarily removing the load connected to 
the output shaft, that there will be a momentary reduc 
tion in the speed of the drum of clutch 82 during en 
gagement of this clutch as the shaft 76, gears 98 and 
92, and the output shaft 98 and the load connected 

thereto are accelerated to speeds corresponding to the 
speed of the drum of clutch 32. The operation of this 
transmission is similar in this respect for all ratio changes 
whether shifting up or shifting down. 
To provide reverse drive clutch 69 is disengaged and 

clutch 64 is engaged whereupon the drive may be traced 
from the input shaft 16 through gears 54 and 56 to re 
verse shaft 58, and thence through clutch 64 and gears 
66 and 63 to idler shaft 76 which then rotates in the 
opposite direction to that previously described when 
clutch 60 was engaged. It will be understood that each 
of the four ratios previously described for forward op 
eration may be obtained for reverse operation and may 
be traced in the same manner from idler shaft 9. The 
only difference is that idler shaft 70 now is turning in the 
opposite direction so that the output shaft 93 likewise 
turns in the opposite direction. As illustrated gears 54 
and 56 are identical as are gears 62 and 66, therefore the 
total gear reduction is exactly the same for both direc 
tions of operation. 
To provide a concrete example of one transmission de 

sign which has been constructed in accordance with this 
invention and to assist in pointing up some of the advan 
tages of the invention, I am listing below each of the gears 
of the design shown in FIGS. 1-7 inclusive and the num 
ber of teeth employed for each gear in a transmission 
having a nominal input torque rating of 800 ft. lbs. 

Number of 
Gear: teeth 

54--------------------------------------- 47 
56-------------------------------------- 47 
62.--------------------------------------- 28 
66 -------------------------------------- 28 
68--------------------------------------- 47 
72 -------------------------------------- 23 
86--------------------------------------- 28 
88--------------------------------------- 28 
90 --------------------------------------- 52 
92 --------------------------------------- 52 
94--------------------------------------- 40 
96--------------------------------------- 56 
100-------------------------------------- 56 
102 ------------------------------------- 40 

The foregoing combination of gears provides the fol 
lowing gear reductions in each of the four ratios: 

Ratio Six Ex E-531 
Ratio II Six Ex -2.71 

Ratio III Ex Ex E=1.396 

Ratio IW Ex: x = 717 
From the foregoing description it will be appreciated 

that this invention provides for the multiple use of a 
great many parts, thus minimizing the number of differ 
ent parts it is necessary to manufacture in order to assem 
ble the transmission. For example, input shaft 6 and 
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3. 
reverse shaft. 53 and the gears, clutches and bearings as 
sociated therewith are identical. Thus, instead of being 
required to manufacture two different assemblies for the 
forward and reverse shafts, it is possible to manufacture 
two of a single assembly. 

It has been pointed out previously that clutch assem 
blies 60, 64, 88 and 84 all are identical and that clutch 
assemblies 78 and 32 are identical to each other. More 
over, shafts 74 and 76 are identical, and gear 94 is iden 
tical gear 92 while gear 96 is identical to gear 
153. Thus, in manufacturing the two intermediate 
shaft assemblies it is likewise possible to manufac 
ture two complete sets of parts which are identical in 
stead of manufactuirng two completely dissimilar sets of 
parts. To achieve the desired gear ratios two of the final 
drive gears, that is, gears {2} and 102 are reversed dur 
ing assembiy so that the gear 102 with the smaller num 
ber of teeth is on the output shaft. 
Another advantage of this invention is that it is possi 

ble to utilize parts from the transmission described and 
illustrated herein in other transmissions of the sailine design 
but of different sizes. For example, clutches identical 
to clutches 68, 64, 89 and 83 are used in place of clutches 
78 and 82 in a transmission of half the nominal capacity, 
that is, 400 ft. lbs. Similarly clutches identical to 78 
and 82 are used as clutches 69, 64, 89 and 88 in another 
transmission which is double the size or 1600 ft. lbs. 
It will be appreciated by those familiar with the manu 
facturing and maintenance of transmissions that the use 
of a single part or assembly in several places in a single 
transmission and in other places in other size transmis 
sions in the same family is very beneficial in reducing 
manufacturing costs because it makes possible the produc 
tion of a greater volume of fewer different items. It 
also aids greatly in the maintenance and servicing of 
transmissions because it makes it necessary to keep in 
stock for maintenance purposes fewer different parts, 
thus reducing the cost of stocked parts and the space re 
quired to store them. 
Another advantage of this invention is that it is possi 

ble readily to adjust gear ratios without changing the basic 
construction of the transmission. For example, it is 
possible to change the number of teeth on gears 94 and 
96 without changing any other parts of the transmission 
and thereby achieve a change in the gear reductions of 
the first and third ratios. Gears 06 and 102 may be 
changed sinilarly, as may also other gear combinations 
such as 72, 960 and 92. 
A feature of this invention is that it is possible readily 

to change the location of the input shaft without changing 
any of the internal parts of the transmission. Inasmuch 
as the reverse shaft 58 and the clutches and gears thereon 
are identical with forward shaft 6 and the clutches and 
gears thereon, as pointed out previously, it will be ap 
parent that it is possible to use shaft 58 as the input shaft 
if desired with no change except to move coupling por 
tion 4 from shaft 16 to shaft 58. If it is possible to 
have the driving shaft which operates shaft 58 turn in 
the opposite direction no further change is necessary. 
If it is not possible to change the direction of rotation 
of the driving shaft it is necessary only to change or 
relabel the control valve because as far as the transmis 
sion itself is concerned, it provides exactly the same ratios 
for both directions of operation. 

It is possible also with this invention to secure other 
variations with a minimum of alteration in the transmis 
sion construction and two such variations are illustrated 
and described herein. FGS. 8 and 9 show a different 
embodiment of the invention in which the output shaft 
is in the location of the idler shaft of the first embodi 
ment, while FIG. 10 shows a variation which provides 
six forward ratios and two reverse ratios. 

Reference is made first to FIG. 7 of the drawing for 
an explanation thereof, to facilitate an understanding 
of the remaining figures of the drawing and the other 
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embodiments illustrated thereby. FIG. 7 shows at the 
left a developed schematic diagrain of the transmission 
of the first embodiment (FIGS. 1-6 inclusive) in which 
all shaft centers are shown in a single plane. Each of 
the shafts and gears and clutches is numbered to corre 
spond with the preceding figures, and it is indicated 
by the dashed line A89 that gear 66 is in mesh with gear 
68. In a similar manner it is indicated by dashed line 
32 that gear 88 is in mesh with gear 63 and by line 84 

that gear 92 is in mesh with gear 72. To the right of 
FIG. 7 is shown a diagram of the actual location of the 
centers of the various shafts (viewed from the rear) and 
each of these is connected by a dashed line to the respec 
tive shafts in the left portion of FIG. 7. 

F.G. 8 is similar to F.G. 7 and illustrates how with a 
slight alteration it is possible to have the output shaft in 
the location occupied by the idler shaft in the first em 
bodiment and vice versa, that is, with the idler shaft in 
the location occupied by the output shaft in the first em 
bodiment, To accomplish this, it is necessary to utilize 
an annular transfer gear 86 which is interposed between 
forward gear 62 and reverse gear 66 and gear 86. As 
shown in FIG. 9 which is a side elevation in section similar 
to FIG. 4 of the first embodiment except that it is a 
developed view with all the shaft center lines shown 
in a single plane, the gear 186 is carried by an anti 
friction bearing shown as a double tapered roller bearing 
188 on a fixed annular sleeve or quill 90 which is se 
cured to the rear surface of the wall 52b in a suitable 
manner such as by a plurality of machine screws 92. 
Thus gear 85 rotates around the output shaft 98 in this 
embodiment. Corresponding parts are provided with the 
same identifying characters in FGS. 8 and 9 as in the 
preceding figures for the earlier embodiment. 

In the second embodiment of FGS. 8 and 9, the input 
shaft 6 and the reverse shaft 58 and the gears and 
clutches associated therewith operate in the same manner 
as in the first embodiment. Gears 62 and 66 both are 
in mesh with transfer gear $86, and the dashed line 186 
in FIG. 8 indicates the meshing of gear 66 and gear 185. 
Transfer gear 86 drives idler gear 68 and idler shaft 7 
through gear 86. Thus when clutch 39 is engaged to 
provide one drive ratio through shaft 74 and gears 94, 96 
to output shaft 98 and the other three ratio clutches are 
disengaged, the idler shaft 70 does not transmit any 
torque although it does continue in operation. In the 
other three ratios the drive is through the idler shaft and 
the respective clutches 78, 82 and 34 and thence through 
the respective gears 90, 92 and 88 associated with these 
clutches and through the respective intermediate shafts, 
through gears 94, 95 or gears 8, 62 to the output 
shaft SS. The dashed line S85 in FG. 8 shows that 
gear 90 is in mesh with gear E62. 

F.G. 10 of the drawing shows a third embodiment of 
the invention which is similar to the first embodiment 
except that by the introduction of a small idler gear be 
tween gears 54 and 55 respectively and another idler gear 
between gears 72 and 90 it is possible to provide as illus 
trated in FIG. 10 a transmission having six forward ratios 
and two reverse ratios. In order not to change the center 
distance between shafts 6 and 58, the two gears 54 and 
56 on these shafts are made smaller and an ider gear 
19, is inserted between these two gears. This means that 
shaft 58 will then operate in the same direction as shaft 
16 instead of the opposite direction as in previous en 
bodiments, and the gear ratio is chosen such that the 
speed of shaft 58 is a desired amount faster or slower than 
shaft 16. Thus it is possible by actuating selectively 
clutches 6 and 64 to operate idler shaft 70 at either 
of two speeds in the forward direction. If no further 
alteration were made, the transmission then would pro 
vide a total of eight forward ratios inasmuch as any one 
of the ratio clutches 73, 88, 82 and 84 could be utilized 
with either one of the clutches 6 and 64. However, 
in order to provide for reverse operation idler 93 may 
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be inserted between gears 72 and 90 as illustrated in FG. 
10, the diameter of gear 96 being reduced to accom 
modate the idler without changing shaft centers in the 
transmission. This reverses the direction of shaft 74 
and output shaft 98 when clutch 78 is applied simul 
taneously with either clutch 60 or 64. Thus there is pro 
vided a transmission with six forward and two reverse 
ratios. 
To demonstrate further the versatility of this inven 

tion there is shown in F.G. 11 a two-ratio planetary gear 
mechanism which may be added readily to the form of 
the invention illustrated in FIGS. 1-7 to provide for 
eight ratios both forward and reverse. It should be under 
stood that while only a portion of the complete trans 
mission is illustrated in F.G. 11, the remainder of the 
transmission is the same as the first embodiment which 
is shown in side elevation in FIG. 4. The parts which 
appear in FIG. 11 that are the same as those in F.G. 4 
bear the same reference numerals. 

In FIG. 11 the additional two-ratio planetary mech 
anism is indicated generally by the numeral 286 and it 
includes a sun gear 282 which is splined to output shaft 
98 which in this case is bored out to provide for an addi 
tional shaft 284 within shaft 98. Sun gear 202 is in 
mesh with a plurality of planet gears 266, two of which 
are visible in F.G. 11, which are journaled on a planet 
carrier 268. The planet gears 266 also are in mesh with 
a ring gear 236 which is secured to the rear casing wall 
2b. A shift sleeve 2.2 is provided having outwardly 

projecting teeth 254 thereon which are adapted to mesh 
either with inwardly projecting teeth 256 on output shaft 
98 or with inwardly projecting teeth 258 on the planet 
carrier 208. Sleeve 212 is shifted by means of a collar 
having a groove 220 into which a known shifting fork 
engages. When sleeve 22 is shifted to the left from the 
neutral position shown, so that teeth 24 and 26 are in 
mesh, the shaft 204 is coupled directly to shaft 98, and 
it will be appreciated that this provides one set of four 
ratios in both forward and reverse in the same manner 
as described previously for the first embodiment of the 
invention. When sleeve 2:2 is shifted to the right so 
that teeth 24 thereon mesh with teeth 288 on the planet 
carrier another gear reduction is introduced through 
the planetary mechanism 299, the ring gear 210 serving as 
the reaction member with the planet carrier 298 being 
driven at a slower speed than sun gear 22. This 
operates shaft 204 at a slower speed and thus provides 
another set of four forward and reverse ratios for the 
transmission, making a total of eight ratios in each 
direction altogether. 
While I have described and illustrated herein three pre 

ferred embodiments of my invention, it will be apparent 
to those skilled in the art that other embodiments and 
modifications of the invention may be made. It should 
be understood, therefore, that I intend to cover by the 
appended claims all modifications which fall within the 
true Spirit and scope of my invention. 

I claim: 
1. A multi-ratio transmission comprising, a plurality of 

rotatable shafts arranged in parallel relation including 
an input shaft, an output shaft and a pair of intermediate 
shafts, means for driving the said intermediate shafts 
selectively from the said input shaft comprising four 
clutches located respectively at the ends of intermediate 
shafts, each of the said clutches including at least one 
friction member mounted on the respective shaft end for 
rotation therewith and a rotatable drum surrounding the 
shaft end and arranged to be selectively clutched to its 
respective friction member, the said rotatable drums being 
selectively connectable in driving relation with the said 
input shaft, first and second gears secured to the said out 
put shaft for the rotation thereof, a third gear secured 
to one of the said intermediate shafts and in constant 
mesh with said first gear, and a fourth gear secured to 
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the other said intermediate shaft and in constant mesh 
with the said second gear. 

2. A transmission comprising a plurality of rotatable 
shafts arranged in parallel relation including an input 
shaft, an output shaft and a pair of intermediate shafts, 
means for driving the said intermediate shafts selectively 
from the said input shaft including a plurality of gears 
and four clutches associated two each with the said in 
termediate shafts, first and second output gears secured 
to the said output shaft for the rotation thereof, a third 
gear secured to one of the said intermediate shafts and 
in constant mesh with the said first output gear, and a 
fourth gear secured to the other said intermediate shaft 
and in constant mesh with the said second output gear. 

3. A multi-ratio transmission comprising, a plurality 
of rotatable shafts arranged in parallel relation including 
an input shaft, an output shaft and a pair of intermediate 
shafts, four clutches located respectively at the ends of 
the said intermediate shafts, each of the said clutches 
including at least one friction member mounted on the 
respective shaft for rotation therewith and a rotatable 
drum surrounding the shaft end and arranged to be 
selectively clutched to its respective friction member, selec 
tive means for driving any of the said four clutch drums 
in either direction of rotation from the said input shaft, 
first and second gears secured to the said output shaft 
for the rotation thereof, a third gear secured to one of 
the said intermediate shafts and in constant mesh with said 
first gear, and a fourth gear secured to the other said in 
termediate shaft and in constant mesh with the said 
second gear. 

4. A multi-ratio transmission comprising, a plurality 
of rotatable shafts arranged in parallel relation including 
an input shaft, an output shaft and a pair of intermediate 
shafts, means for driving the said intermediate shafts 
electively from the said input shaft comprising four 
clutches located respectively at the ends of the intermedi 
ate shafts, each of the said clutches including at least 
one friction member mounted on the respective shaft for 
rotation therewith and a rotatable drum surrounding 
the shaft end and arranged to be selectively clutched to 
its respective friction member, four gears connected re 
spectively to and arranged to drive the said clutch drums, 
means including a reverse shaft, additional clutches and 
four additional gears in constant mesh respectively with 
the said clutch drum gears for selectively rotating any 
one of the said clutch drums in either direction, first and 
second output gears secured to the said output shaft for 
the rotation thereof, a first intermediate shaft gear secured 
to one of the said internediate shafts and in constant 
mesh with a first one of the said output gears, and a Sec 
ond intermediate shaft gear is secured to the other inter 
mediate shaft and in constant mesh with the second said 
out put gear. 

5. A multi-ratio change speed transmission providing 
four drive ratios in each direction and comprising, six 
rotatable shafts arranged in parallel relation including 
an input shaft, a reverse shaft, an idler shaft, a pair of 
intermediate shafts and an output shaft, a first clutch 
located at one end of the said input shaft, a second clutch 
located at one end of the said reverse shaft, four ratio 
clutches located respectively at the ends of the said two 
intermediate shafts, each of the said six clutches including 
a plurality of friction disc members mounted on the re 
spective shaft end for rotation therewith, a rotatable drum 
surrounding the respective shaft end and carrying a 
plurality of friction discs interleaved with the said friction 
discs on the shaft and means for compressing the disc 
assembly of each clutch for clutching the drum to its 
respective shaft end, each of the said clutch drums having 
a drum gear connected thereto for rotation therewith, 
constant mesh gear means for driving the said reverse 
shaft from the said input shaft, a first idler gear secured 
to the idler shaft and in constant mesh with the said 
forward and reverse drum gears and also in constant 
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mesh with the drum gears of two of the said ratio clutches, 
a Second idier gear secured to the idler shaft and in con 
stant mesh with the drum gears of the other two ratio 
clutches, a first intermediate shaft gear secured to one of 
the said intermediate shafts, a second intermediate shaft 
gear secured to the other intermediate shaft, and a pair 
of output gears secured to the said output shaft for the 
irotation thereof and in constant mesh respectively with 
the said first and second intermediate shaft gears. 

6. A power transmission including an input shaft, an 
output sihaft and a pair of intermediate shafts, all of the 
said shafts rotatably mounted in a casing in parallel rela 
tionship with each other, constant mesh change speed 
gear means interconnecting both of the said intermediate 
shafts with one of the other shafts, constant mesh forward 
and reverse gear ineans interconnecting both of the said 
intermediate shafts with the other of said shafts, and en 
gageable and disengageable friction clutch means including 
a first pair of identical clutches associated one each with 
the said intermediate shafts and a second pair of identical 
clutches associated one each with the said intermediate 
shafts for selectively engaging the said forward and reverse 
change speed gearing for driving the said output shaft at 
preselected ratios and directions relative to the input shaft. 

7. A power transmission including an input shaft, a 
reverse shaft, and idler shaft, a pair of intermediate shafts 
and an output shaft, all of the said shafts being rosatably 
mounted in a casing in paraliel relationship with each 
other, constant mesh change speed means interconnecting 
both of the said intermediate shafts with the said output 
shaft, constant mesh forward and reverse gear means in 
terconnecting both of the said intermediate shafts through 
the said reverse shaft and the said idler shaft with the 
said input shaft, and engageable and disengageable fric 
tion clutch means including four identical clutches as 
sociated one each with the said input and reverse shafts 
and one each with two of the said intermediate shafts 
and a second pair of identical clutches associated one each 
with the said intermediate shafts for selectively engaging 
the said forward and reverse and change of speed gearing 
for driving the said output shaft at preselected ratios and 
directions relative to the said input shaft. 

8. A power transmission including an input shaft, a 
reverse shaft, an idler shaft, a pair of internediate shafts 
and an output shaft, all of the said shafts rotatably 
mounted in a casing in parallel relationship with each 
other, constant mesh forward and reverse gear means in 
terconnecting the said input and reverse shafts through 
the said idler shaft with both of the said intermediate 
shafts, constant mesh change speed gear means inter 
connecting both of the said intermediate shafts with the 
said input shaft, six multiple disc friction clutches located 
one at one end of the said input shaft, another at the 
same end of the said reverse shaft, and the other four 
respectively at the opposite ends of both of the said 
intermediate shafts, each of the said clutches including 
a plurality of friction discs carried by the respective shaft 
end and a surrounding drum carrying a plurality of frie 
tion discs interleaved with its respective shaft discs, and 
means for selectively engaging the said clutches in pairs 
for driving the output shaft at any of four different ratios 
in either direction of rotation relative to the said input 
shaft. 

9. A vertically disposed power transmission mechanism 
comprising, an input shaft, a reverse shaft, an idler shaft, 
a pair of intermediate shafts and an output shaft, all of 
the said shafts rotatably mounted in a casing in parallel 
relationship with each other, the said input and reverse 
shafts being near the top of the casing, the said idler 
shaft below the said forward and reverse shafts, the said 
intermediate shafts below the said idler shaft and the 
said output shaft below the said intermediate shafts, con 
stant mesh forward and reverse gear means intercoil 
necting the said input and reverse shafts through the 
said idier shaft with both of the said intermediate shafts, 
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constant mesh change speed gear means interconnecting 
both of the said intermediate shafts with the said output 
shaft, six multiple disc friction clutches located one at 
one end of the said input shaft, another at the same end 
of the said reverse shaft, and the other four respectively 
at the opposite ends of both of the said intermediate 
shafts, each of the said clutches including a plurality of 
friction discs carried by the respective shaft end and a 
surrounding drum carrying a plurality of friction discs 
interleaved with its respective shaft discs, and means for 
selectively engaging the said clutches in pairs for driving 
the output shaft at any of four different ratios in either 
direction of rotation relative to the said input shaft. 

10. A vertically disposed power transmission mech 
anism including a casing having forward and rear spaced 
apart walls, an input shaft, a reverse shaft, an output 
shaft and a pair of intermediate shafts, all of the said 
shafts projecting through the said two casing walls and 
rotatably mounted therein in parallel relation with each 
other, the said forward and reverse shafts being located 
near the top of the said casing, the said output shaft 
below the said forward and reverse shafts, the said pair 
of intermediate shafts below the said output shaft and 
the said idler shaft below the said intermediate shafts, a 
transfer gear coaxial with and rotatable around the said 
output shaft, constant mesh forward and reverse gear 
means including the said transfer gear and gears on the 
said idler shaft interconnecting the said input and reverse 
shafts with both of the said intermediate shafts, constant 
mesh change speed gear means interconnecting both of the 
said intermediate shafts with the said output shaft, six 
multiple disc friction clutches located one at one end of 
the said input shaft, another at the same end of the said 
reverse shaft, and the other four respectively at the op 
posite ends of both of the said intermediate shafts, each 
of the said clutches including a plurality of friction discs 
carried by the respective shaft end and a surrounding 
drum carrying a plurality of friction discs interleaved 
with its respective shaft discs, and means for selectively 
engaging the said clutches in pairs for driving the output 
shaft at any of four different ratios in either direction of 
rotation relative to the said input shaft. 

11. In a transmission, forward and rear vertically dis 
posed walls, a plurality of rotatable shafts extending 
through the said walls, the said plurality of rotatable 
shafts including an input shaft, an output shaft and a pair 
of intermediate shafts, four clutches located respectively 
at the ends of the said intermediate shafts outside the 
said walls, each of the said clutches including at least 
one friction member mounted on the respective shaft end 
for rotation therewith and a rotatable drum surrounding 
the shaft end and arranged to be selectively clutched 
to its respective friction member, constant mesh gear 
means interconnecting the said input shaft and all four 
of the said rotatable drums, and additional constant mesh 
gear means interconnecting both of the said intermediate 
shafts and the said output shaft. 

12. In a transmission, forward and rear vertically dis 
posed walls having a plurality of pairs of aligned open 
ings in the respective walls, an input shaft, an output 
shaft and a pair of intermediate shafts, all of the said 
shafts rotatably mounted in parallel relationship with 
each other and extending through the said walls through 
the said aligned pairs of openings, constant mesh forward 
and reverse gear means located at least partly outside the 
said walls interconnecting the said input shaft with both 
of the said intermediate shafts, constant mesh change 
speed gear means located in the said space between the 
said walls interconnecting both of the said intermediate 
shafts with the said output shaft, and engageable and dis 
engageable friction clutch means located outside the 
said walls and interconnected with the said forward and 
reverse gear means outside the walls for selectively en 
gaging the said change speed gearing for driving the 
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4. 
said output shaft at preselected ratios relative to the said 
input shaft. 

13. In a transmission, forward and rear vertically dis 
posed walls having a plurality of pairs of aligned open 
ings in the respective walls, an input shaft, an output 
shaft and a pair of intermediate shafts, all of the said 
shafts rotatably mounted in parallel relationship with 
each other and extending through the said walls through 
the said aligned pairs of openings, constant mesh forward 
and reverse gear means located at least partly outside the 
said walls interconnecting the said input shaft with both 
of the said intermediate shafts, constant mesh change 
speed gear means located in the said space between the 
said walls interconnecting both of the said intermediate 
shafts with the said output shaft, and engageable and 
disengageable friction clutch means located outside the 
said walls and interconnected with the said forward and 
reverse gear means outside the walls including a first pair 
of identical clutches associated one each with the said in 
termediate shafts and a second pair of identical clutches 
associated one each with the said intermediate shafts for 
selectively engaging the said change speed gearing for 
driving the said output shaft at preselected ratios relative 
to the said input shaft. . 

14. In a transmission, forward and rear vertically dis 
posed walls forming a space therebetween, an input shaft 
extending through the side walls, a first clutch gear ro 
tatably positioned in coaxial relation around the said 
input shaft outside the said rear wall, a first clutch adapted 
to selectively connect the rearward end of the said input 
shaft to the said first clutch gear, a reverse shaft extend 
ing through the said walls, a second clutch gear rotatably 
positioned in coaxial relation around the said reverse 
shaft outside the said rear wall, a second clutch adapted 
to selectively connect the said second clutch gear to the 
said reverse shaft, constant mesh gear means driving the 
said reverse shaft from the said input shaft, an idler 
shaft extending through the said two walls, a first idler 
gear secured to the said idler shaft outside the rear Wall 
and in constant mesh with the said first and second clutch 
gears, a second idler gear located on the other end of the 
said idler shaft outside the front wall, a pair of interme 
diate shafts extending through the said two walls, four 
additional clutch gears positioned respectively in rotat 
able coaxial relation around the ends of the said two in 
termediate shafts outside the front and rear walls re 
spectively, two of said additional clutch gears being in 
constant mesh with the said first idler gear and the other 
two said additional clutch gears being in constant mesh 
with the said second idler gear, four clutches adapted to 
selectively connect the four additional clutch gears to the 
respective ends of the intermediate shafts, an output shaft 
extending through the said two walls, and constantly 
meshing gear means connecting both of the said inter 
mediate shafts with the said output shaft. 

15. A transmission comprising forward and rear ver 
tically disposed walls forming a space therebetween, an 
input shaft extending through the said walls near the top 
thereof and projecting beyond the walls at both ends, 
a first clutch gear rotatably positioned in coaxial rela 
tion around the said input shaft outside the said rear wall, 
a first clutch adapted selectively to connect the rearward 
end of the said input shaft to the said first clutch gear, a 
reverse shaft positioned laterally of the said input shaft 
and extending through the said walls and projecting be 
yond the rear wall, a second clutch gear rotatably posi 
tioned in coaxial relation around the said reverse shaft 
outside the said rear wall, a second clutch adapted to 
selectively connect the said second clutch gear to the 
said reverse shaft, a first pair of gears in constantly 
meshed relation one each on the said forward and re 
verse shafts in the said space whereby the said reverse 
shaft is driven from the said input shaft, an idler shaft 
extending through the said two walls at a level below 
the said input and reverse shafts and projecting beyond 
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both walls, a first idier gear secured to the said ider shaft 
outside the rear waii and in constant mesh with the said 
first and Second clutch gears, a second idler gear located 
on the other end of the said idler shaft outside the said 
front wall, a pair of intermediate shafts extending through 
the said two walls at a level below the said idler shaft 
and projecting beyond both walls, four additional clutch 
gears positioned respectively in coaxial relation around 
the ends of the said two intermediate shafts outside the 
front and rear was respectively, two of the said addi 
tional clutch gears being in constant mesh with the said 
first idier gear and the other two said additional clutch 
gears being in constant mesh with the said second idler 
gear, four clutches adapted selectively to connect the 
said four additional clutch gears to the respective ends 
of the intermediate shafts, an output shaft extending 
through the said two walls at a level below the said two 
intermediate shafts, a second pair of gears in constantly 
meshed relation one each on one of the said interme 
diate shafts and the said output shaft, and a third pair of 
said gears in constantly meshed relation one each on the 
other said intermediate shaft and on the said output 
shaft. 

16. A transmission comprising forward and rear Ver 
tically disposed walls forming a space therebetween, an 
input shaft extending through the said walls near the top 
thereof and projecting beyond the walls at both ends, a 
first ciutch gear rotatably positioned in coaxial relation 
around the said inpit shaft outside the said rear Wall, a 
first clutch adapted selectively to connect the rearward 
end of the said input shaft to the said first clutch gear, 
a reverse shaft positioned parallel to the said input shaft 
and extending through the said wails and projecting be 
yond the rear waii, a second clutch gear rotatably posi 
tioned in coaxial relation around the said reverse shaft 
outside the said rear wall, a second clutch adapted to 
selectively connect the said second clutch gear to the 
said reverse shaft, a first pair of gears in constantly meshed 
reiation one each on the said forward and reverse shafts 
in the said space whereby the said reverse shaft is driven 
from the said input shaft, an output shaft extending 
through the said two walls at a level below the said input 
and reverse shafts and projecting beyond both walls, a 
transfer gear coaxial with the said output shaft and ro 
tatable with respect thereto located outside the said rear 
wall, a pair of intermediate shafts extending through the 
said two walls at a level below the said output shaft and 
projecting beyond both walls, four additional clutch gears 
positioned respectively in coaxial relation around the ends 
of the said two intermediate shafts outside the said 
front and rear walls respectively, one of the two said 
additional clutch gears outside the said rear wail being 
in constant mesh with the said transfer gear, four clutches 
adapted selectively to connect the said four additional 
clutch gears to the respective ends of the intermediate 
shafts, an idler shaft extending through the said two walls 
at a level below the said two intermediate shafts and 
projecting beyond both walls, a first idler gear secured 
to the said idler shaft outside the rear wall and in con 
stant mesh with the said two additional clutch gears, a 
second idier gear located on the other end of the said 
idler shaft outside the said front Wail and in constant 
mesh with the other two said additional clutch gears, a 
second pair of gears in constantly meshed relation one 
each on one of the said intermediate shafts and the said 
output shaft, and a third pair of gears in constantly 
meshed relation one each on the other said intermediate 
shaft and on the said output shaft. 

17. In a transmission, forward and rear vertically dis 
posed walls forming a space therebetween, an input shaft 
extending through the said walls, a first clutch gear ro 
tatably positioned in coaxial relation around the said in 
put shaft outside the said rear wall, a first clutch adapted 
to selectively connect the rearward end of the said input 
shaft to the said first clutch gear, an additional shaft 
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6 
extending through the said walls, a second clutch gear 
rotatably positioned in coaxial relation around the said 
additional sihaft outside the said rear wall, a second clutch 
adapted to selectively connect the said second clutch gear 
to the Said additional shaft, constant mesh gear means 
driving the said additional shaft from the said input shaft 
in the Same direction, an idier shaft extending through 
the said two wails, a first ider gear secured to the said 
ider shaft outside the rear wall and in constant mesh with 
the said first and second clutch gears, a second idler 
gear located on the other end of the said idler shaft out 
side the front wall, a pair of interimediate shafts extending 
through the said two wails, four additional clutch gears 
positioned respectively in rotatable coaxial relation 
around the ends of the said two intermediate shafts out 
side the front and rear walls respectively, two of the said 
additional clutch gears being in constant mesh with the 
Said first idler gear, a third one of the said additional 
clutch gears being in constant mesh with the said second 
idler géar, the fourth additional clutch gears being in 
constant mesh with a third idler gear which is in constant 
mesh with the said second idler gear, four clutches 
adapted to selectively connect the said four additional 
clutch gears to the respective ends of the intermediate 
shafts, an output shaft extending through the said two 
walls, constant mesh gear lineans connecting both of 
the said intermediate shafts with the said output shaft, 
and means for selectively engaging the said clutches in 
pairs for driving the said output shaft at six different 
ratios in one direction and two different ratios in the 
other direction. 

18. In a transmission, forward and rear vertically dis 
posed was forming a space therebetween, an input shaft 
extending through the said walls, a first clutch gear rotat 
ably positioned in coaxial relation around the said input 
shaft outside the said rear wall, a first clutch adapted to 
selectively connect the rearward end of the said input 
shaft to the said first clutch gear, a reverse shaft extend 
ing through the said Walls, a second clutch gear rotatably 
positioned in coaxial relation around the said reverse 
shaft outside the said rear wall, a second clutch adapted 
to selectively connect the said second ciutch gear to the 
said reverse shaft, constant mesh gear means driving the 
said reverse shaft from the said input shaft, an idler shaft 
extending through the said two walls, a first idler gear 
secured to the said idler shaft outside the rear wall and in 
constant mesh with the said first and second clutch gears, 
a second idler gear located on the other end of the said 
idier shaft outside the front wall, a pair of intermediate 
shafts extending through the said two walls, four addi 
tional clutch gears positioned respectively in rotatable 
coaxial relation around the ends of the said two inter 
mediate shafts outside the front and rear walls respec 
tively, two of said additional clutch gears being in con 
stant mesh with the said first idler and the other two 
said additional ciutch gears being in constant mesh with 
the said second ider gear, four clutches adapted to Se 
lectively connect the four additional clutch gears to the 
respective ends of the intermediate shafts, an output shaft 
extending through the said two Walls, constantly meshing 
gear means connecting both of the said intermediate 
shafts with the said output shaft, an additional shaft asso 
ciated with the said output shaft, and a planetary gear 
mechanisin for driving the said additional shaft from the 
said output shaft directly or through a gear reduction. 

19. A transmission comprising a plurality of rotatable 
shafts arranged in parallel relation including a first shaft, 
a pair of intermediate shafts and an output shaft, means 
for rotating the said first shaft, two gears mounted on 
the said first shaft for rotation therewith, four clutches 
associated two each with the said intermediate shafts, each 
of the said clutches including a clutch drum member, 
four drum gears mounted respectively on the said clutch 
drum members for conjoint rotation therewith, the two 
drum gears associated with each internediate shaft being 
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in mesh respectively with the two gears on the said first 
shaft, means for applying the said four clutches selec 
tively whereby either intermediate shaft may be oper 
ated from the said first shaft through either of the gears 
thereon, and means for operating the said output shaft 
from either of the said intermediate shafts. 

20. In a transmission, forward and rear vertically dis 
posed walls, a plurality of rotatable shafts extending 
through the said walls, the said plurality of rotatable 
shafts including an input shaft, an idler shaft, a pair of 
intermediate shafts and an output shaft, means intercon 
necting the said input and idler shafts for driving the lat 
ter from the former, two gears mounted on the said idler 
shaft outside the said walls for rotation therewith, four 
clutches located respectively at the ends of the said in- 15 
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termediate shafts outside the said walls, each of the 
said clutches including a rotatable drum member sur 
rounding the shaft and rotatable relative thereto and fric 
tion means for selectively clutching the drum member 
to the shaft, four drum gears carried respectively by the 
said clutch drums, the two drum gears for each inter 
mediate shaft in mesh respectively with the two gears on 
the said idler shaft, and additional constant mesh gear 
means interconnecting both of the said intermediate 

10 shafts with the said output shaft. 
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